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(5) Method and apparatus for providing a hop extract 

@ An extraction of the binering principles from hops 
comprises contacting hops with carbon dioxide in the liquid 
phase to dissolve the bittering principles and flavouring 
components of the hops in the liquid carbon dioxide in an 
extraction column {1. 21 passing at least part of the solution 
of extract to the base of a liquid-liquid contaction device (331. 
supplying heat to the output from the top of the liquid-liquid 
contaction device (33) and any remainder of the solution of 
extract not fed to the liquid-liquid contaction device (33) in a 
heat exchanger (8) to evaporate carbon dioxide vapour, 
compressing the evaporated carbon dioxide vapour in a 
5 compressor (11) to increase its liquefaction temperature, 
^ condensing the compressed vapour in the heat exchanger (8) 
to reform liquid carbon dioxide, and recycling the liquid 
^ carbon dioxide to contact the hops in the extraction column 
£ (1, 2). At least part of the heat evolved from the carbon 
* dioxide vapour after its compression and during its change 
of state from vapour to liquid is used to evaporate carbon 
m dioxide vapour from the solution of extract. An output from 
Q the base (23) of the liquid-liquid contaction device (33) 
contains the binering principles of the hops and is substan- 
O tially free of the flavouring components of the hops. 
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^nn AMD APPARATUS FOR PROVIDING A HOP EXTRACT 



Recently, it has been proposed to extract the 
bittering principles and flavour components from hops 
by extraction with carbon dioxide . Initial laboratory 
experiments using liquid carbon dioxide were successful 
but proved to be uneconomic in practice and consequently 
they were not developed commercially. Attempts were 
made to improve the economics of the process by using 
supercritical carbon dioxide as the extraction agent. . 
Supercritical carbon dioxide can have a greater 
extractive power than liquid carbon dioxide and, at 
best, can have 80 times the extractive power of liquid 
carbon dioxide. In this case, its use can reduce the time 
and hence the energy required for extraction. However, 
the very high pressures that are involved, in using 
such supercritical carbon dioxide leads to a very high 
cost of the extraction plant and also leads to high 
running costs. Additionally, such supercritical 
carbon dioxide is not so selective in its action as 
liquid carbon dioxide and consequently the resulting 
extract can include a number of unwanted components 
such as chlorophylls. This means that it is impossible 
to isomerise the resulting extract directly. Consequently 
the extract obtained by using supercritical carbon dioxide 
as the extraction medium has to be purified before it 
can be isomerised and converted into the soluble iso-acids 
that are used in the brewing industry, for example. 
This purification process requires further energy. 

Our earlier British Patent Specification No 
1 557 123 describes and claims a method and apparatus 
for obtaining an extraction of organic material using 
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liqui d carbon dioxide and, particularly describes and 

™.thod and apparatus for obtaining a very 
^^^on Z tbe bittering principles and 
selective exxra faod ^ apparatus 

T da L tue 1 quid phase to be used as the extraction 

^ far it to be used on a commercial scale. This 

lelhod and apparatus is now achieving censurable 
method and PP ^ oost of 

rs? ° f *• reiativeiy iow cos v f ■« 

n tanat on of the plant as a result of the plant using 
HoS carbon divide as the extraction agent instead 
, ^itical carbon dioxide, the pressures involved 

f Te Plant is relatively cheap compared with those 
^ sup" r tical carbon dioxide as their extraction 
ZZs Commercial success is being achieved because 
^ extract obtained is of higher quality than are those 
Educed using organic solvents or carbon diox.de in the 

^trsScSraiion discusses various modifications 
to the basic extraction plant by which it is possible - 
to the basic Mttering orinciples and flavouring 

vary the proportion oi Bittering . . 
components of the hops in the final extract that is 

tained. In particular, these modifications concen^ te 
on the enhancement of the flavouring component from ,h 
Lps in the resulting extract. The extract ootained as 
Scribed in this earlier specification always con ains 
S ome of the flavouring components of the hops. When 
extract is isomerised or when it is added to and boiled 
with the wort these flavouring components are largely 
lost or destroyed. The flavouring components which are 
mai „ly the hop oils are a valuable commodity and as 
disclosed in this earlier specification can be added 
to a beer at the completion of its fermentation to 
enhance its flavour. The present invention is a further 
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improvement on the basic method and apparatus described 
in our earlier British Patent Specification No 1 557 123 
and enables extracts to be obtained that are usable in 
a less wasteful and more efficient way. 

According to a first aspect of this invention, a 
method of extracting the bittering principles from hops 
comprises contacting hops with carbon dioxide in the 
liquid phase to dissolve the bittering principles and 
flavouring components of the hops in the liquid carbon 
dioxide, passing at least part of the solution of extract 
to the base of a liquid-liquid contaction device, supplying 
heat to the output from the top of the liquid-liquid 
contaction device and any remainder of the solution of 
extract not fed to the liquid-liquid contaction device 
15 to evaporate carbon dioxide vapour and thereby concen- 
trate the solution of extract, compressing the evaporated 
carbon dioxide vapour to increase its liquifaction 
temperature, condensing the compressed vapour to reform 
liquid carbon dioxide, and recycling the liquid carbon 
20 dioxide to contact the hops, at least part of the heat 
evolved from the carbon dioxide vapour after its com- 
pression and during its change of state from vapour to 
liquid being used to evaporate carbon dioxide vapour 
from the solution of extract, the output from the base 
25 of the liquid-liquid contaction device containing the 
' bittering principles of the hops and being substantially 
free of the flavouring components of the hops. 

The method of extraction in accordance with the 
first aspect of this invention may include drawing off 
30 an upper fraction of the solution of extract in liquid 
carbon dioxide and passing this into an evaporator in 
which it is heated to evaporate carbon dioxide vapour, 
the evaporated carbon dioxide vapour being recompressed 
and condensed with the remainder of the carbon dioxide 
35 vapour and a product being obtained from the evaporator 
which contains a high proportion of flavouring components 
of the hops and a low proportion of the bittering 
principles of the hops. 
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According to a second aspect of this invention, an 
apparatus for the extraction of the bittering principles 
from hops includes at least one extraction column, a heat 

^r^onne c^to the base of the li^d-liouid 
e^ion device, the top of the li.uid-lio.uid contacts 
de vice being connected to the hase of one s^e of 
the heat exchanger, the top of the one Side of the heat 

tn the inlet of the compressor 
exchanger being connected to the inlet 

and the outlet of the compressor being --cted to ^ 
imet of the other side of the heat exchanger, the outlet 
cTthe other side of the heat exchanger being connected 
to the inlet of the at least one extraction column and a 
product outlet being provided at the base of the 
liouid-liquid contaction deufce. 

This apparatus enables a method in accordance with 
the first aspect of this invention to be carried out and 
Z, enabled product which contains the bittern 
„ rl ncioles and which is substantially free of the 
flavouring components of the hops to be obtained from 
the fi^st product outlet. 

The apparatus may also include an evaporator 
connected to a further outlet from the one side of the 
exchanger located towards the top of the one side 
the heat exchanger so that an upper liquid fraction 
drawn off through the further outlet from the one 
Tde of the heat exchanger is fed to the -aporator the 
vapour outlet from the evaporator being connected 
^compressor and a second product outlet ^ing^d d 
It the base of the evaporator. When this apparatus also 

ctuL an evaporator connected in this fashion the 
product obtained from the second product outlet m the 
Tase of the evaporator is a product which contains a high 
proportion of flavouring components from the hops and - 
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proportion of the tittering principles of the hops. 

Thus, the method and apparatus in accordance with 
this invention enables a hop extract which contains the 
bittering principles, namely the a- and p- acids of the 

5 soft resin fraction of the hops and which is substantially 
free from the flavouring components, namely the hop oils, 
to be obtained. This product can be readily isomerised 
* into the soluble iso-cc-acids and then these are simply 
added directly to liquid at almost any stage in a brewing 

10 process to provide and adjust the bitterness, but typically 
they are added to beer at the end of fermentation. 

The extract which is high in hop oils may be 
improved so that it is substantially free of the bittering 
principles of the hops if it is cooled and left tG 

15 precipitate. Typically if it is left at a temperature of 
approximately -20 °C for a period of days the bittering 
principles precipitate out so that a product rich in hop 
oils may be decanted. Such a product is particularly 
valuable and since the bittering principles that are 

20 obtained are substantially free of the flavouring 

components a greater quantity of the flavouring components 
are available for collection separately. 

"When an extract is obtained which includes the 
flavouring components, principally the hop oils, but 

25 which is substantially free of the bittering principles 
this product may be added to a beer, at any stage, 
but preferably this is done after the fermentation is 
complete so that none of the flavouring components are 
destroyed, modified or lost during the earlier stages 

30 of the brewing process and then this extract affects the 
aroma and the hoppy taste of the resulting beer. Thus, 
by using this invention both the bitterness and the 
flavour of the resulting beer can be adjusted completely 
independently of each other which is a great advantage 

35 to the brewer since it provides a very much greater 

flexibility in the nature of the final product in regard 
to both of these parameters. 
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Preferably the apparatus . includes means upstream 
* the at least one extraction column to prevent the 
£Z ZXm dioxide vaporise during flow through 
tTat least one extraction column. These means may 
Lnrise a pump to increase the pressure of the liquxd 
7ZTteJ^** so raise its equilibrium te^er- 
aSe s7tnat a differential is established be^een 
temperature of the liquid carbon dioxide and xta 
the temper* preferably the means 

equilibrium temperature, but preiera jr 

includes a cooler upstream of the at least one 
xtr-a tion col»n and under the control of a temper- 
ature sensor to cool the liquid carbon dioxxde to^ 
temperature below its equilibrium temperature at the 
pressure subsisting in the extraction column. 

the output temperature " — 

— to be - :±S ^™ tZTZAL 

the tittering principles in iiquiu 

temperature has been found by extent to be 

■ir, a ranee of from 5°C to 10°C. 

HLticular embedment of a method and apparatus 

in accordance with this invention will now be 
Scribed with reference to the accompanying drawing 
which is a diagram of the apparatus, and ^"bed 
£ contrasted with the prior art with reference to 
the accompanying examples. 
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The basic apparatus comprises two similar 
extraction chambers 1 and 2 • arranged in parallel with- 
a pair of isolating valves 3 and 4 at opposite ends of 
each chamber 1 and 2 respectively. Each chamber is 
formed as a column and includes a filter covering its 
inlet and outlet to prevent the hops from leaving the 
chamber but to allow liquid carbon dioxide to percolate 
through the hops. The outlets of the tops of the 
chambers 1 and 2 are connected through a pipe 5 
to two separate flow control valves 6 and 6a. The ,- 
outlet from the flow control valve 6 leads to one side 
7 of a heat exchanger 8 whilst the outlet from flow 
control 6a leads to the base of a liquid-liquid 
contaction device 33. The flow control valves 6 and 
6a are controlled by a liquid level sensor 9 so that a 
substantially constant level is maintained in the one 
path 7 of the heat exchanger 8. 

A pipe 10 leads from an outlet of the one side 7 
of the neat exchanger 8 to the inlet of a compressor 11. 
The outlet of the compressor 11 is connected to a heat 
exchanger 12 which, in this example, is a cooler, and the 
outlet of the cooler 12 is connected to the other side 
13 o^ the heat exchanger 8. An outlet on the other side 
13 of the heat exchanger 8 is connected to a liquid 
receiver vessel 14 and an outlet from the liquid receiver 
vessel 14 is connected through an isolating valve 15 to 
an inlet of a sub cooler 16. The outlet of the sub cooler 16 
leads directly into the inlet at the base of the extraction 
chambers 1 and 2 through the valves 3 and 4 The quantity 
of coolant passing through the sub cooler 16 is controlled 
hy a flow control valve 17 under the control of a temper- 
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ature sensor 18 which detects the temperature of the 
l^id carbon dioxide leaving the sub cooler 16 and 
varies the flow of coolant through the suh cooler 16 
dta* th. outlet temperate of the carbon d.oxxde 
L. the sub cooler 16 constant. The «* 
through the heat exchanger 12 is controlled by a flow 
. " valve 19 mder the control of a pressure sensor . 

20 The heat exchanger 12 serves to tri* the overall .. 
hea t balance to the system and, as the pressure » the 
, Astern ceases, the flow control valve 

Urease the degree of cooling that occurs in the heat 

M Z other side 13 of the heat exchanger 8 includes 
a V ent outlet 21 controlled by a flow control valve 22 
one side 7 of the heat exchanger 8 tocludes an 
5 "Crdfitl base which leads into the top of the 
Sd-Scuid contaction device 33- A first product 
outlet is provided to the base of the 
contaction device 33 and this outlet „ 
0 flow control valve 24. The vent outlet .21 ^bles 
° toldensible volatile materials to be venxed fro. the 
side 13 of the heat exchanger 8 and the first 
lutSt 23 allows the matter that collects in the 
Le of the liquid-liquid contaction device 3> to be 
!^racted The liquid receiver 14 includes a further ^et 
5 control of a flow control valve 26 through 

wi ich carbon dioxide is introduced into the system to 
fill the system initially and to make up any losses. 

The one side 7 of the heat exchanger 8 tocludes a 
„ further outlet 27 controlled by a flow control valve 28 
* and this further outlet leads to an evaporator 29. The 
"p of the evaporator is connected through a further flow 
control valve 30 to the pipe 10 and the base of the 
evaporator includes a second product outlet 31 controlled 
35 by a flow control valve 32. 
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^ entire plant is made from ^ 
th. nlant is arranged to operate at pressures « 
^J2T«1« (51 bar). Stace the heat exchanger 8 

f 7 dioxide in both its one and its other sides, 
has carbon aioxiae xu. 

7 and 13, the differential pressure between the t»o 
L£ of the heat exchanger 8 is merely that generated 
sides oi differential pressure is 

Serentlal P-urebetwe e, £ ^ £ ^ion. 
si de of the heat «=nanger so^lxf ies ite dBmter 
When the valves 3 are Closed to isolate the 

lf the chamber 1 is pacfced J£ ILide 

* ^ nm t he chamber 1 using gaseous carDon 
13 ^ Z vaSls 3 are opened to pressurise the chamber 
T d^loTllSd carbon dioxide to percolate up through 
1 and allow ^ ^ liquid car bon dioxide 

the hops in the chamber 1 H ^ 

percola tes « J^t: soluble in li^d carbon 

dioxide. • md p. acid fraction of the 

are the hop oils and the « P . 

soft resins contained in the hops, the a aci 

soi-c resii» ^ ^ olls 

• ^^Tavo" 1 ^components of the hops. 
rSutt n ^t£ exacted matter passes along the pipe 

7 n-f the heat exchanger 8 and to the base oi xa 
side 7 of tne neat — © h t exchanger 

liquid-liquid contaction device 33. In the 

7 i ,+4«n is warmed causing a change of state oi 
8 the solution is warmea ^oxide vapour 

1. to occur ana tne caroou v - lj - 

the carbon dioxiae xo o^-^ „ 
ooiled off. from the solution then leaves *^ne -de 
of the heat exchanger 8 through the pipe 10 to the 

T£- dioxide vapour is compressed in the 

pressor 11 and, during compression, the vapour is 
compressor 11 an. 00mp resslng the 

heated on account of the worn 
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ga s compressed gas passes through the heat exchanger 
12 and then through the other side 13 of the heat 
excSgerlL in^hls other side 13 of the heat, exchanger 
repressed gas changes its state and reforms liquid 
8 the compre s reB0Ve d from the compressed gas 

^^snT'oTea Tthe condensation temperature 
"/then ^ Sent heat evolved as the carbon dioxide 

instate from «. vapour to the liquid phase- 
tr^erred to the solution of extract In the one side 7 
transi ea ° M „ „ tj^s leads to -boiling of the 
of the heat "^J^J*^ liquid carbon dioxide 
solution to change the state oi ne * 
in the one part 7 of the heat exchanger 8 to evolve 
£r£» dioxL vapour from the solution in the one side 7 
ofthe heat exchanger 8. The liquid -bond^de 

. ^o-r side 13 of the beat exchanger 8 passes 

SI £S ^14 -re an, carhon dioxide vapour 

V the liauid carbon dioxide, is separated. 
^ CT-ST-i— f- the liquid receiver 
14 then passes through a flow control valve 15 to a 
si cooler 16 where it is cooled to a temperature below 
it! eouSorium temperate at the pressure subsist m 
S spooler 16 and so reduced below its boiling porat. 
?W been found that if the liquid carbon dioxide s _ 
"oled to a temperature of 8°C a particularly bene-cxal 
Z7^,n occurs <n the chambers 1 and 2. Thereiore, a 
SSI -trols the flow of coolant through 

^ub cooler 16 via the flow control valve 17 to ensure 
that liquid carbon dioxide leaves the sub cooler 16 t a 
temperature of 8°C. At this temperarure, it is also 
sufficiently far below its boiling point at the pressure 
sS stinHt this point and in the extraction chambers 1 
or 2 to prevent the liquid carbon dioxide from boiling m 
the' extraction chambers 1 or a so that substan tial^no 
oarbon dioxide vapour is present in the ff* ctl0n 
1 0 r 2 thus ensuring the maxiaum contact between liquid 
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carbon dioxide and hops in the extraction chambers 1 or 2. 
The liquid carbon dioxide at a temperature of 8°C is then 
recycled through the extraction chamber 1 and then through 
the remainder of the system. 

The liquid carbon dioxide is recycled throughout the 
system and as the carbon dioxide is evaporated from the 
one side 7 of the heat exchanger 8, the concentration of 
matter extracted from the hops, particularly the concen- 
tration of the a- and p-acids builds up in the secondary 
path of the heat exchanger until the concentration of a- 
and p-acids exceeds their solubility in liquid carbon 
dioxide. After this saturation point has been reached 
the a- and p-acids are precipitated from solution and 
form a separate mobile layer which falls to the lowermost 
end of the one side of the heat exchanger 8, and from 
there, falls down into the liquid-liquid contaction 
device 33. In the liquid-liquid contaction device 33 this 
separate phase, which as it enters the liquid-liquid con- 
taction device 33 contains some hop oils, flovsin counter 
current to the solution containing matter extracted from 
the hops which is introduced towards the base of the 
liquid-liquid contaction device 33- This counter flow of 
the" solution is not saturated with respect to the hop 
oils and consequently the solution of liquid carbon dioxide 
strips hop oils from the precipitated a- and p-acids so 
that the a- and p-acids which collect in the base of the 
liauid-liquid contaction device 33 are substantially free 
of "hop oils. ' The hop oils stripped from the a- and 3-acids 
then pass into the one side 7 of the heat exchanger 8. 
The a- and p- acids can be withdrawn from the base of 
the liquid-liquid contaction device 33 via the outlet 23 
and flow control valve 24. The proportion of hop oils in 
the solution contained in the one side 7 of the heat 
exchanger 8 builds up and since the a- and p-acids are the 
densest components, the upper fraction of the liquid in the 

f-r 
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^ M r r contains the smallest 
one side 7 o f the Heat exchanger 8-^ 
proportion of a- and p aoi ^ &action 

of hop oils. A Pr°P° 7 o£ the heat exchanger 
is withdrawn from the one side 7 ^ ^ ^ £ed ^ 

, 8 via the Pipe V is eva porated in the 

the evaporator 29. « is 

. evaporator 29 and the carhop ^ ^ ^ 

boile d off is ^f r y r ed t^ugh the plant. The 

the compressor 11 ana * ^ evapora tor 29 is 

10 residue remaining m the ba f Qutlet 31 m a e r the 

10 drawn off through the second £du ^ ^ & ^ 

control =f the con^l v^e 3^ ^ rf ^ ^ p . 

proportion of hop oils wi 

a0WS ° f tfe ,r f ril^r Ls heen'extracted from the 

Once all the matter ^ contro l valves 

15 hops in "1 ^ carbon dioxide 
6 , 6a and 15 are ^ x is ^ed to purge 

gaining in the chamber 2 and also to 

a^ «» ^ ' ^Ttfon chamber 2. Valves 3 are 

20 partly pressurise extracti ^ ^ 

then closed to isolate the sp ^ 
on amber 1 and the to continue only 

are once again opened to aj ^ 
this time the liquid carbon dioxide p 
tais time ^ extraction chamber 2. wmisT. 

« hops contained in -he ex extracted, 

25 . hops in the -tr-t^- ^ber^ere removed from 
the spent hops from re .nacked with fresh hops, 

the chamber 1 and thechamber » « ^ 

30 chambers 1 and 2 primar y pa th 13 of the 

dioxide tends to „ of air , particularly the 

neat exchanger 8. ^ leads t0 oxidati ve changes 

' oxygen <^*« la *"* ^ the hops which impairs the 

35 i^Tir^. — — ?oiatile 
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impurities in the primary path of the heat exchanger are 
vented through the outlet 21 under the control of the 
flow .control "valve 22. This enables all of the air and 
other gaseous impurities present in the system to he 
vented and removed from the system and this ensures 
that ahigh quality extract is obtained. 

The heat exchanger 12 is used to trim the thermal 
equilibrium of the entire system. In general, the heat 
required for vaporising the liquid carbon dioxide from 
the solution of extract in the one side of the heat 
exchanger 8 is more or less balanced by the heat evolved 
on the change of state of the gaseous carbon dioxide 
into liquid carbon dioxide in the other side 13 of the 
heat exchanger 8. The sub cooler 16 balances the heat 
added to the system by the work done on the gas in the 
compressor 11 but, depending upon the ambient temperatures 
surrounding the plant and the efficiency of its thermal 
insulation it may be necessary to provide some additional 
control. This is achieved by the. heat exchanger 12 which 
is used to absorb excess heat from the system. The 
flow of coolant through the heat exchanger 12 is controlled 
via the flow control valve 19 from a pressure controller 
which senses the pressure subsisting in the one side 7 
of the heat exchanger 8. It has been found that if the 
pressure subsisting in the one side 7 of the heat 
exchanger 8 is controlled so that a temperature of just 
above 10 °C occurs on the one side of the heat exchanger 

7 the plant operates in a very satisfactory manner since 
carbon dioxide hydrate C0 2 .8H 2 0 is not formed on tfie heat 

. exchange surfaces of the one side of the heat exchanger 

8 and so impede the transfer of heat between the two sides 
of the heat exchanger 8. 

The ratio of the flow of the solution of extract 
in liquid carbon dioxide flowing through the valves 
6 and 6a is not critical provided that there is sufficient 
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« - n£ the -extract into the base, of the contaction device 
flow of the .ex-cr ^ the 

into the one side 7 of the heat exchanger 8. 

To obtain a more pure yield of hop oils and a 
neater yield of * and B- acids the product obtained 
^ om the product outlet 31 of the evaporator 29 is 
stored for a priod of time at a low temperature, 
Suy -20«C. onder these conditions, the a- and 
? a S crystallise and precipitate out of solution with 
the hop oils so that the precipitate may be readily 
removed, for example, using a decanting step. 

^^Textraction was carried out using the apparatus 
shown and described with reference to Figure 1 but 
during the entire extraction the valves 6a, 28 and 30 
Closed. Thus the apparatus functioned in an exactly 
. similar way to that shown and described in British Patent 
Soecification No 1 557 123, and can thus be considered 
t'o orovide a demonstration of a conventional hop 
extraction using liquid carbon dioxide. ■ 

Column 1 was packed with 2 kg of milled rfye 
Target hop pellets (a-acid content 7.76*, oil 
Tl WlOOg! and extracted for 44 hours with liquid carbon 
aLSeataflowrateof 90 V* W ^ •* \^ZT 
of 7 °c. During this period, column 2 was packed with a 
similar quantity of milled hop pellets The extract 
accumulated in the base of the evaporator 8, and filled 
the liquid-liquid extraction device 33 which operated 
Tlely - a collector. After 44 hours, the liquid carbon 
dioxide flow was connected to column 2, -.while column 1 was 
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disconnected. The carbon dioxide remaining in column 1 
va n"owed to evaporate, and its spent hops were discharged 
and the column repacked with fresh milled hops. This 
procedure was continued until a total of nine columns 
L kg of hops) had been extracted. . The extract was removed 
at intervals from the outlet 23 and bulked in a glass •. 
•container. The resulting extract was analysed and found to- 
have the following compositi on :- 

a-acids 41.7% 
p-acids 29.0% 
hop-oils 6.0ml./l00g. 



Example 2 



In this example an extraction was carried out 
15 precisely as shown and described with reference to Figure 1 
but during the entire extraction the valve 6 was completely 
closed so that the entire flow of liquid carbon dioxide 
containing extracted matter was introduced into the base of 
the liquid-liquid contaction device 33. A similar extraction 
20 to that described in Example 1 was carried out using similar 
quantities of hops and carbon dioxide. The extract taken 
from the outlet 23 in the base of the liquid-liquid 
contaction device 33 via valve 24 had the following composition: 



25 



a-acids 43.7% 
P-acids 28.8% 
hop-oils 0.7ml./100g. 



The oil collection device 29 was then rendered 
operational by opening valves 28 and 30. The oil-rich 
extract that was collected via valve 32 had the ' following 
30 composition:- 
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cc-acids- 2k.Q% 
p'-acids 28.856 
hop-oils 34ml. /lOOg. 



The results of examples I and II clearly demon- 
strate, firstly, that by using the method and apparatus in 
accordance with this invention it is possible to obtain a 
hop extract that is substantially free of flavouring components, 
and secondly that, in this case, the separate recovery of 
the flavouring components is enhanced. 
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I A method of extracting the tittering principles from 

hops comprises contacting hops with carbon dioxide in the 
liquid phase to dissolve the bittering principles and 
flavouring components of the hops in the liquid carbon 
dioxide,passing at least part of the solution of extract 
to the base of a liquid-liquid contaction device, supplying 
heat to the output from the top of the liquid-liquid : 
contaction device and any remainder of the solution of 
extract not fed to the liquid-liquid contaction device to 
evaporate carbon dioxide vapour and thereby concentrate the 
solution of extract, compressing the evaporated carbon 
dioxide vapour to increase its liquif action temperature, 
condensing the compressed vapour to reform liquid carbon 
dioxide, and recycling the liquid carbon dioxide to contact 
the hops , at least part of the heat evolved from the 
carbon dioxide vapour after its compression and during its 
change of state from vapour to. liquid being used to 
evaporate carbon dioxide vapour from the solution of extract, 
the* output from the base of the liquid-liquid contaction 
device containing the bittering principles of the hops and 
being substantially free of the flavouring components of the 
hops 

2. A method according to claim 1, including drawing off 
an upuer fraction of the solution of extract in liquid 
carbon dioxide and passing this into an evaporator in which 
it is heated to evaporate carbon dioxide vapour, the 
evaporated carbon dioxide vapour being compressed and 
condensed with the remainder of the carbon dioxide vapour 
and a product being obtained from the evaporator which ^ 
contains a high proportion of flavouring components of 'the 
hops and a low proportion of the bittering principles of the 
hops. 
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1a4 _ o i n which the product 
is cooled and left xo P v ^ ^ period Qf daySf 

5 a product rich In hop ■ o*. Jean e^ ^ ^ ^ 

4 . An apparatus * r ^ column (1 , 2) , a heat 

— - SjTuS^ -taction device (33),and 
exchanger (8), a nq at least one 

a oompr essor (11), - °u let ^ ^ ^ ^ tf 
10 extraction column 1, ^ w ^ ^ rf ^ ^ 

liquid-liquid extraction oonnecte d to the hase 

U , u id ^-^JS'.IJU (S). the top of the 
° f m Ah heat exchanger (8) being connected to the 

one side (7) of the n o£ the 

15 inxet of * J-^Sit- to the inlet of the other 
oompr essor 11) he ng ^ ^ ^ of 

side (1> of the h (8) te . ng oonnected ( 

other side (13) of the h extra cticn column 

t0 the inlet (3,4) of the at ^ ^ ^ ^ 

20 (1,2) and a P"*f»* devlce (33). 

of the liquid-liquid °<*^*<" 4 which also includes 

5 . An apparatus '»«^ out let (28) fro* 

an -aporatcr (29 connec e^ ^ 

the one side (7) of tne ^ excn anger (8) so 

25 the top of the one side 7 ^ ^ ^ ^ 

that an upper liquid ir exchanger (8) 

outlet (28) fro» «>e one sid (7 of * ^ ^ 

ls fed to the evaporator 29 , t» P ^ 

the evaporator (29). 4 or 5, which also 

c An apparatus according to claim or 

6. an aw least one extraction 

T de aTtoTr :::: — --- g 
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7 An apparatus according to claim 6, in which the 
leans includes a cooler (16) upstream of the at least one 
extraction column (1,2) and under the control of a 
temperature sensor (18) to cool the liquid carbon dioxide 
to a temperature below its equilibrium temperature at the 
pressure subsisting in the extraction column (1,2). 

8 An apparatus according to any one of claims 4 to 7. 
which also includes a cooler (12) downstream of the 
compressor (11) and under the control of a pressure sensor 
(20) to provide the overall heat balance of the apparatus. 

9 An apparatus according to any one of claims 4 to 8, 
which also includes a liquid receiver (14) in between the 
outlet from the other side (13) of the heat exchanger (8) 
and the at least one extraction column (1,2). 



